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Description 

This invention relates generally to the art of 
optical microscopy and in particular to the design 
of the objective aperture for an optical near-field 
scanning microscope. 

Optical microscopes have a long history and 
their application has since long extended beyond 
research and the physician's practice. The search 
for viruses and bacteria as well as the manufacture 
of electronic circuits require microscopes of ever 
better resolution. The theoretical limit for the 
resolution of an optical microscope lies in the 
range of the wavelength of the light used, i.e. 
about 500 nm, since direct human inspection 
naturally requires visible light. The distance 
between two object points which an optical 
microscope can just resolve, when the illumina- 
tion is incoherent and the microscope's aperture is 
circular, is -0,61 A/n • sin 0, wherein n • sin 0 is the 
numerical aperture of the objective lens, i.e. the 
product of the refractive index of the glass n and of 
the semi-angle 6 of the cone of rays in the object 
space. Obviously, the numerical aperture should 
be large if a high resolving power is to be achieved 
(M. Born and E. Wolf, Principles of Optics, Perga- 
mon Press, London 1959, p. 417f). 

Numerous attempts to increase the resolving 
power of microscopes are known from the prior 
art The most important achievements relative to 
the subject of the present invention have been 
disclosed in EP— A1 — 0112401 and EP— A1— 
01 12402. The first-mentioned reference is directed 
to an optical near-field scanning microscope in 
which the "objective" consists of an optically 
transparent crystal having a metal coating with an 
aperture at its tip, the diameter of the aperture 
being considerably smaller than one wavelength 
of the light used for illuminating the object. 

The second-mentioned reference, EP— A— 
0112402 concerns a light waveguide with an 
aperture the diameter of which is between 10 
and 500 nm, and a method for manufacturing such 
a waveguide. This waveguide too, consists of an 
optically transparent body which is coated with a 
multi-layer metal film. 

The references cited above suggest the use of 
the objective either as an observing instrument 
looking at the object which is illuminated by some 
external light source, or inversely, the illumination 
is shone through the objective and the radiation 
reflected by the object is detected by a separate 
detector. While in both cases the purpose of 
increasing the resolution through reduction of the 
diameter of the objective is served, the dis- 
advantages, however, are a very noisy picture on 
the one hand and a rather bulky apparatus on the 
other. It is an object of the present invention to 
teach an optical aperture which overcomes these 
disadvantages while at the same time maintaining 
the narrowness of the aperture and the ease of the 
manufacture. 

Accordingly, the aperture of the present inven- 
tion comprises an optically transparent body 
coated with a first opaque layer except for a small 



area at the front end thereof, with the characteristic 
that said first opaque layer is at least partly 
covered with a layer of an optically transparent 
medium which in turn is covered with a second 

5 opaque layer, except for a small area to the side of 
the small area of said transparent body, such that 
light entering the transparent body from the back 
can exit through the small area at the front end 
thereof and be directed onto an object and that 

10 light reflected by said object can enter said trans- 
parent layer through the small area thereof and be 
guided to a light detector to which the transparent 
layer is optically connected. 
Details of several embodiments of the invention 

15 will be described byway of example with the aid of 
the attached drawings in which: 

Figure 1 is a schematic representation of 
a conventional optical near-field scanning 
microscope; 

20 Figure 2 is cross-section of one embodiment of 
the aperture in accordance with the invention; 

Figures 3 through 5 show embodiments with a 
transparent body having a square cross-section; 
Figures 6 and 7 represent embodiments of an 

25 aperture comprising optical fibers. 

Rgure 1 shows the basic elements of an optical 
near-field scanning microscope as it is known from 
EP— A1— 01 1 2401 . Briefly, a frame 1 is secured to a 
bench 2 which also carries a support 3 arranged for 

30 x/y movement of an object 4 to be inspected. An 
arm 5 of frame 1 carries a vertical adjustment 
appliance 6 for controlling the distance of an 
aperture 7 from object 4 with the aid of a sensor 8. 
Attached to aperture 7 is an optical filter 9 which in 

35 turn is connected, via a light guide 10, to a 
photodetector 11. This arrangement assumes 
illumination of object4by an external light source, 
be it in reflection or transmission modes. 
In an inverse arrangement, photodetector 11 

40 would be replaced by a suitable light source, such 
as a laser, and the light reflected from the object 
would have to be collected by a separate light 
detector 12. 

As mentioned before the present invention 

45 contemplates the integration of light source and 
detector in the vicinity of the object in order to 
reduce any disturbances that may be caused by 
the ambient light or stem from parts of the object 
other than that very part onto which the aperture is 

so directed. 

Referring to Figure 2, an optically transparent 
body 13 is conventionally coated with an opaque 
layer 14. Body 13 may consist of a quartz crystal, 
for example, and carry a metal coating the thick- 

55 ness of which should be a few times the optical 
penetration depth, i.e. about A/10 for visible light 
Alternatively, body 1 3 may be the end of an optical 
fiber with the cladding removed. Body 13 should 
be pointed as sharply as possible, the radius of 

60 curvature of its tip being in the neighbourhood of 
20 nm, for example. Methods to produce such 
sharply pointed transparent bodies are disclosed 
in EP— A1— 0112402. An alternative method is ion 
milling. 

65 Opaque layer 14 in itself may consist of a single 
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coating of metal or of a plurality of metal coat- 
ings, as described in EP— A1— 0112402, for better 
adhesion to the crystal or fiber material. Layer 14 
carries a transparent layer 15 just thick enough to 
permit non-overdamped optical waveguiding, i.e. 
having a thickness on the order of A/2, and 
tapered towards the apex to a thickness of about 
A/20. A second opaque layer 16 is placed around 
transparent layer 15, and this may again consist 
of metal. The thickness of the second metal layer 
is not critical; it should be in the range of tenfold 
the penetration depth of the metal used. Of 
course, this layer may consist of several coatings 
of different metals, as in the case of layer 14. All of 
these layers 14through 16 carried by body 13 can 
be produced by evaporation, sputtering, or other 
conventional thin film techniques. 

Transparent layer 15 enclosed between opaque 
layers 14 and 16 forms a light waveguide for the 
radiation entering its annular aperture 17 after 
reflection by the object 4 of the rays exiting f rorh a 
central aperture 18. The tapered shape of trans- 
parent layer 15 with a thickness below the 
wavelength of the light used favours the propa- 
gation of the reflected radiation in form of the 
TEM 01 mode which has no sharp cutoff at sub- 
wavelength dimensions. (For the TEM 01 mode cf. 
D. Pohl Operation of a Ruby Laser in the Purely 
Transverse Electric Mode TE 01 , Appl. Phys. Lett., 
Vol. 20, No. 7, April 1, 1972, p. 266f). 

The waveguide 14, 15, 16 may be connected 
directly to a set of distributed photodetectors 
concentrically arranged around transparent body 
13, or to an annular photodiode 19. 

While Figure 2 assumes a circular cross-section 
for transparent body 13, which would particularly 
apply to an optical fiber, Figures 3, 4 and 5 show a 
transparent body with a square cross-section. In 
Figure 3, body 20 is partly covered with a trans- 
parent layer 21 over a metallization (not shown), 
the transparent layer 21 being tapered such that 
light entering through the four-sided aperture 22 
is guided into a photodetector 23. The outer 
metallization of layer 21 is not shown for clarity of 
the figure. 

Another, embodiment is shown in Figure 4 
where the square body carries four independent 
waveguides 24, 25, 26, (waveguide 27 not shown) 
each ending in an individual photodetector 28, 29, 
30 (photodetector 31 not shown). Light emitted 
from the central aperture 32 and reflected by the 
object enters into the four rectangular apertures 
33 through 36 and is conducted, by the respective 
one of associated waveguides 24 through 27, to 
one of said photodetectors 28 through 31. This 
arrangement is particularly useful for differential 
microscopy by comparison of the output signals 
of oppositely located photodetectors. 

Figure 5 shows yet another embodiment with a 
transparent body 37 having a square cross-sec- 
tion. Light having exited through a central aper- 
ture 38 in the body after reflection by the object 
enters through apertures 39 and 40. The light 
waves propagating up wave guides 41, 42 are 
brought to interference at the joint 43 of wave- 



guides 41 and 42. An electrooptic phase shifter 44 
permits the adjustment of the relative phases of 
the arriving light waves. Joint 43 of the wave- 
guides 41 and 42 preferably has a monomode 

5 cross-section. This arrangement provides dif- 
ferential phase information. In other words, it 
introduces phase contrast methods into optical 
near-field scanning microscopy. To measure this 
phase contrast signal, a photodetector 45 is con- 

10 nected to joint 43. 

In Figures 6 and 7 implementations of the 
invention making use of glass fibers are shown. A 
glass rod 46 (Figure 6) is connected to a light 
source (not shown) and emits light through an 

is aperture 47. Rod 46 may be realized by a glass 
fiber. Attached to rod 46 is a glass fiber 48 with its 
end tapered to about A/20 and metallized. Its 
aperture 49 receives the reflected light which is 
guided to a detector, not shown. 

20 Figure 7 is an arrangement with glass fibers in a 
configuration similar to the one shown in Figure 
4. Around a central glass rod or fiber 51 having an 
aperture 50 at one end, are arranged four receiv- 
ing glass fibers 52 through 55 with their ends 

25 tapered to about A/20 as explained in connection 
with Figure 6 and defining apertures 56 through 
59, respectively. This arrangement allows for 
differential reflectivity and differential phase con- 
trast microscopy. 

30 In the arrangements of Figures 6 and 7, the 
spaces between the waveguides may be filled 
with a low-melting metal. 

If the light source used to illuminate the object 
is chosen to be a laser, the man skilled in the art 

35 may elect to integrate the laser into the trans- 
parent body of Figures 2 through 5. This can be 
easily done with a semiconductor laser in accord- 
ance with the teaching of EP— A1— 01 1 2402. 
While the invention has been described in 

40 connection with an optical near-field scanning 
microscope, it will be self-evident for those skilled 
in the art that the waveguides in accordance with 
the invention can find application in connection 
with endoscopes used for the inspection of 

45 cavities, be it in living organisms or in natural or 
man-made devices and machines. 

Claims 

50 1. Aperture for an optical near-field scanning 
microscope, comprising an optically transparent 
body (13, 20, 37) coated with a first opaque layer 
(14) except for a small area (18, 32, 38) at the front 
end thereof, characterized in that said first opaque 

55 layer (14) is at least partly covered with a layer 
(15, 21, 26, 41, 42) of an optically transparent 
medium which in turn is covered with a second 
opaque layer (16) except for a small area (17, 22, 
33...,36, 39, 46) to the side of the small area (18, 

so 32, 38) of said transparent body (13, 20, 37), such 
that light entering the transparent body (13, 20, 
37) from the back can exit through the small area 
(18, 32, 38) at the front end thereof and be 
directed onto an object (4), and that light reflected 

65 by said object (4) can enter said transparent layer 



3 



5 



EP 0185 782 B1 



(15, 21, 24.. .27, 41, 42) through the small area (17, 
22, 33.. .36, 39, 40) thereof and be guided to a light 
detector (19, 23, 28.. .31, 45) to which the trans- 
parent layer (15, 21, 24... 27, 41, 42) is optically 
connected. 

2. Aperture for an optical near-field scanning 
microscope, comprising a first optically trans- 
parent body (46, 51) coated with an opaque layer 
except for a small area (47, 50) at the front end 
thereof, characterized in that at least one second, 
pointed, optically transparent body (48, 52... 55) 
which is coated with an opaque layer except for a 
small area (49, 56... 59) to the side of the small area 
(47, 50) of said first transparent body (46, 51), is 
arranged in juxtaposition with said first trans- 
parent body (46, 51), such that light entering said 
first transparent body (46, 51) from the back can 
exit through the small area (47, 50) at the front end 
thereof and be directed onto an object (4), and that 
light reflected by said object (4) can enter said 
second transparent body (48, 52... 55) through the 
small area (49, 56.. .59) thereof and be guided to an 
associated light detector. 

3. Aperture in accordance with Claim 1, charac- 
terized in that the optically transparent layer (15, 
21 , 24.. .27, 41 , 42) is tapered towards its small area 
(17, 22, 33.. .36, 39, 40) to a thickness of about one 
twentieth of the wavelength of the light used. 

4. Aperture in accordance with Claim 2, charac- 
terized in that the second transparent body (48, 
52.. .55) is tapered towards its small area (49, 
56.. .59) to about one twentieth of the wavelength 
of the light used. 

5. Aperture in accordance with Claim 1, charac- 
terized in that said transparent body (20) has a 
rectangular cross-section and is partly covered 
with a transparent layer (21 ) on top of said first 
opaque layer, the transparent layer (21) being 
bevelled such that a light wave entering through 
its small area (22) is guided to a single light 
detector (23) connected to said transparent layer 
(21). 

6. Aperture in accordance with Claim 1, charac- 
terized in that the sides of said transparent body 
(20) are provided with two or more transparent 
layers (24.. .27), each of which being connected to 
an associated fight detector (28.. .31) at one end, 
and at the other forming small areas (33.. .36) 
arranged about the small area (32) on the trans- 
parent body (20) in a symmetrical configuration. 

7. Aperture in accordance with Claim 6, charac- 
terized in that the transparent body (20) has a 
square cross-section, and that four light guides 
(24.. .27) end in small areas (33.. .36) arranged in a 
cross-like configuration. 

8. Aperture in accordance with Claim 1, charac- 
terized in that said transparent layer (15) is 
optically connected to a circular light detector (19). 

9. Aperture in accordance with Claim 1, charac- 
terized in that said transparent body (37) on 
opposite sides, on top of its opaque layer, carries a 
pair of transparent layers as light guides (41, 42) 
connected in a joint (43) leading to a light detector 
(45), one of said light guides (41, 42) being 
provided with an optical phase shifter (44). 



10. Aperture in accordance with Claim 9, charac- 
terized in that said light guides (41, 42) have small 
areas (39, 40) respectively situated on both sides of 
the small area (38) of said transparent body (37). 

5 11. Aperture in accordance with Claim 2, charac- 
terized in that said first transparent body (46, 51) 
and said second transparent body (48) or bodies 
(52.. .55) are surrounded by an optical material, 
namely low-melting metal. 

w 12. Aperture in accordance with Claim 2, charac- 
terized in that said first transparent body (46, 51) 
and/or the second transparent body (48) or bodies 
(52. ..55) consists of glass fibers. 

is Patentanspruche 

1. Apertur fur ein optisches Nah-Feld Abtastmi- 
kroskop mit einem optisch transparenten Korper 
(13, 20, 37), der mit einer ersten opaken Schicht 

20 (14) uberzogen ist, mit Ausnahme einer kleinen 
Flache (18, 32, 38) an seinem vorderen Ende, 
dadurch gekennzeichnet, dafc die genannte erste 
opake Schicht (14) wenigstens teilweise mit einer 
Schicht (15, 21, 26, 41, 42) eines optisch transpa- 

25 renten Mediums uberzogen ist, das seinerseits mit 
einer zweiten opaken Schicht (16) bedeckt ist, mit 
Ausnahme einer kleinen Flache (17, 22, 33... 36, 39, 
46) seitlich der kleinen Flache (18, 32, 38) des 
genannten transparenten Korpers (13, 20, 37), 

30 derart,dafc in den transparenten Korper (13, 20, 37) 
von hinten einfallendes Licht durch die kleine 
Flache (18, 32, 38) an seinem vorderen Ende 
austreten und auf ein Objekt (4) gerichtet werden 
kann, und dafi von dem Objekt (4) reflektiertes 

35 Licht in die transparente Schicht (15, 21, 24.. .27, 
41, 42) durch deren kleine Flache (17, 22, 33.. .36, 
39,40) einfallen undzu einem Lichtdetektor(19, 23, 
28.. .31, 45) geleitet werden kann, mit dem die 
transparente Schicht (15, 21, 24...27, 41,- 42) 

40 optisch verbunden ist 

2. Apertur fur ein optisches Nah-Feld Abtastmi- 
kroskop mit einem ersten optisch transparenten 
Korper (46, 51), der mit einer opaken Schicht 
uberzogen ist, mit Ausnahme einer kleinen Flache 

45 (47, 50) an seinem vorderen Ende, dadurch 
gekennzeichnet, daS wenigstens ein zweiter, spit- 
zer, optisch transparenter Korper (48, 52&ellip- 
sis55), der mit Ausnahme einer kleinen Flache 49, 
56.. .59) seitlich der kleinen Flache (47, 50) des 

50 genannten transparenten Korpers (46, 51) mit 
einer opaken Schicht bedeckt ist, derart, neben 
dem genannten ersten transparenten Korper (46, 
51) angeordnet ist, da& in den ersten transparen- 
ten Korper (46, 51) von hinten einfallendes Licht 

55 durch die kleine Flache (47, 50) an seinem vorde- 
ren Ende austreten und auf ein Objekt (4) gerichtet 
werden kann, und daB von dem Objekt (4) reflek- 
tiertes Licht in den zweiten transparenten Korper 
(48, 52.. .55) durch dessen kleine Flache (49, 

60 56. ..59) einfallen und zu einem angeschlossenen 
Lichtdetektor geleitet weed en kann. 

3. Apertur gemaR Anspruch 1, dadurch gekenn- 
zeichnet, daft die optisch transparente Schicht (15, 
21, 24.. .27, 41, 42) gegen die kleine Flache (17, 22, 

65 33... 36, 39, 40) bis auf eine Dicke von einem 
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Zwanzfgstel der Wellenlange'des benutzten Lichts 
abgeschrSgt ist. 

4. Apertur gemaft Anspruch 2, dadurch gekenn- 
zeichnet, daft der zweite transparente Kdrper (48, 
52. ..55) gegen die kieine Flache (49, 56.. .59) bis 
auf eine Dicke von einem Zwanzigstel der Wellen- 
lange des benutzten Lichts abgeschrigt ist. 

5. Apertur gemaft Anspruch 1, dadurch gekenn- 
zeichnet, daft der genannte transparente Kdrper 
(20) einen rechteckigen Querschnitt aufweist und 
uber der genannten ersten opaken Schicht teil- 
weise mit einer transparenten Schicht (21) 
bedeckt ist die so abgeschragt ist, dad eine durch 
ihbre schmaie Offnung (22) einfallende Lichte- 
welie zu einem einzelnen Lichtdetektor (23) gelei- 
tet wird, der mit der genannten transparenten 
Schicht (21) verbunden ist. 

6. Apertur gemaft Anspruch 1, dadurch gekenn- 
zeichnet, daft die Seiten des genannten transpa- 
renten Korpers (20) mit zwei oder mehr trans- 
parenten Schichten (24... 27) versehen sind, deren 
jede an einem Ende mit einem zugeordneten 
Lichtdetektor (28.. .31) verbunden ist und am 
andern Ende kieine Fiachen (33.. .36) bildet, die 
symmetrisch urn die kieine Flache (32) auf dem 
transparenten Kdrper (20) angeordnet sind. 

7. Apertur gemaft Anspruch 6, dadurch gekenn- 
zeichnet, daft der transparente Kdrper (20) einen 
quadratischen Querschnitt aufweist, und daft vier 
Lichtleiter (24... 27) in kleinen Fiachen (33...36) 
enden, die kreuzfdrmig angeordnet sind. 

8. Apertur gemaft Anspruch 1, dadurch gekenn- 
zeichnet, daft die transparente Schicht (15) 
optisch mit einem kreisformigen Lichtdetektor 
verbunden ist. 

9. Apertur gemaft Anspruch 1, dadurch gekenn- 
zeichnet, daft der genannte transparente Kdrper 
(37) auf gegenuberliegenden Seiten, auf seiner 
opaken Schicht ein Paar transparenter Schichten 
als Lichtleiter (41, 42) tragt, die in einem Verbin- 
dungsstuck (43) zusammenlaufen, das zu einem 
Lichtdetektor (45) fuhrt, wobei einer der Lichtleiter 
(41, 42) einen optischen Phasenschieber (44) auf- 
weist. 

10. Apertur gemaft Anspruch 9, dadurch ge- 
kennzeichnet, daft die genannten Lichtleiter (41, 
42) kieine Fiachen (39, 40) aufweisen, die auf 
beiden Seiten der kleinen Flache (38) des trans- 
parenten Korpers (37) angeordnet sind. 

11. Apertur gemift Anspruch 2, dadurch ge- 
kennzeichnet, daft der genannte erste trasnpa- 
rente Kdrper (46, 51) und der genannte zweite 
transparente Kdrper (48), oder die genannten 
zweiten Kdrper (52.. .55) von einem optischen 
Material umgeben sind, namlich von niedrig- 
schelzendem Metail. . 

12. Apertur gemaft Anspruch 2, dadurch ge- 
kennzeichnet, daft der genannte erste transpa- 
rente Kdrper (46, 51 ) und/oder der zweite transpa- 
rente Kdrper (48), oder die genannten zweiten 
Kdrper (52... 55) aus Glasfasern bestehen. 

Revendications 

1. Une ouverture pour microscope optique a 



balayage a champ proche, comportant un corps 
optiquement transparent (13, 20, 37) rev§tu d'une 
premiere couche opaque (14), a I'exception d'une 
petite surface (18, 32, 38) a son extremite frontale, 

5 caracterisee en ce que cette premiere couche 
opaque (14) est au moins partiellement recou- 
verte d'une couche (15, 21, 26, 41, 42) d'un milieu 
optiquement transparent qui est lui-meme recou- 
vert d'une seconde couche opaque (16), a i'excep- 

w tion d'une petite surface (17, 22, 33,..., 36, 39, 40) 
situee iateralement par rapport a la petite surface 
(18, 32, 38) du corps transparent (13, 20, 37), de 
sorte que la lumiere penetrant par I'arriere dans le 
corps transparent (13, 20, 37) puisse sortir par la 

15 petite surface (18, 32, 38) a I'extremite frontale de 
celui-ci et soit dirige sur un objet (4), et que la 
lumiere rSftechie par cet objet (4) puisse penetrer 
dans ladite couche transparente (15, 21, 24,.. .,27, 
41, 42) par la petite surface (17, 22, 33,..., 36, 39, 

20 40) de celle-ci et soit guid6e vers un detecteur de 
lumiere (19, 23, 28,..., 31, 45) auquel la couche 
transparente (15, 21, 24,..., 27, 41, 42) est optique- 
ment reliee. 

2. Une ouverture pour microscope optique a 
25 balayage a champ proche-, comportant un corps 

optiquement transparent (46, 51) revetu d'une 
premiere couche opaque, a I'exception d'une 
petite surface (47, 50) a son exttemite frontale, 
caracterisee en ce que I'on dispose au moins un 

30 second corps optiquement transparent (48, 52,..., 
55), pointu, revetu d'une couche opaque a I'ex- 
ception d'une petite surface (49, 56,..., 59) situee 
lateralement par rapport a la petite surface (47, 
50) du premier corps transparent (46, 51), juxta- 

35 pose au premier corps transparent (46, 51), de 
sorte que la lumiere penetrant par I'arriere dans le 
premier corps transparent (46, 51) puisse sortir 
par la petite surface (47, 50) a I'extremite frontale 
de celui-ci et soit dirige sur un objet (4), et que la 

40 lumiere rSflechie par cet objet (4) puisse penetrer 
dans le second corps transparent (48, 52,..., 55) 
par la petite surface (49, 56,.. .,59) de celui-ci et 
soit guidee vers un detecteur de lumiere associe. 

3. L'ouverture de la revendication 1, caracte- 
45 risee en ce que la couche optiquement trans- 
parente (15, 21, 24,...,27, 41, 42) est retrecie en 
direction de sa petite zone (17, 22, 33,..., 36, 39, 
40) jusqu'a une <§piasseur d'environ un vingtieme 
de la longueur d'onde de la lumiere utilisee. 

so 4. L'ouverture de la revendication 2, caracte- 
risee en ce que le second corps transparent (48, 
52,..., 55) est tetreci en direction de sa petite zone 
(49, 56,..., 59) jusqu'a une epaisseur d'environ un 
vingtieme de la longueur d'onde de la lumiere 

55 utilisee. 

5. L'ouverture de ia revendication 1, caracte- 
risee en ce que le corps transparent (20) a une 
section rectangulaire et en ce qu'il est partielle- 
ment recouvert par une couche transparente (21) 

60 par dessus la premiere couche opaque, la couche 
transparente (21) etant biseautee de telle sorte 
qu'une onde lumineuse entrant par sa petite 
surface (22) soit guidee vers un detecteur de 
lumiere unique (23) relie h ladite couche trans- 

65 parente(21). 
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6. L'ouverture de la revendication 1, caract§- 
risee en ce que les cot6s du corps transparent (20) 
sont pourvus de deux couches transparentes 
(24,..., 27) ou plus, chacune d'entre elles 6tant 
relive a Tune de ses extern ites a un detecteur de 
lumfere assocte (28,..., 31) et formant a I'autre 
extremite des petites surfaces (33,..., 36) dis- 
posees avec une repartition symetrique autour de 
la petite surface (32) du corps transparent (20). 

7. L'ouverture de la revendication 6, caract§- 
ris§e en ce que ie corps transparent (20) a une 
section droite carree, et en ce que quatre guides 
d'onde (24,..., 27) se terminent par des petites 
surfaces (33,..., 36) disposees selon une con- 
figuration cruciforme. 

8. L'ouverture de la revendication 1, caracte- 
risee en ce que la couche transparente (15) est 
optiquement relive a un detecteur de lumi&re 
circulate (19). 

9. L'ouverture de la revendication 1, caracte- 
ris6e en ce que ledit corps transparent (37) porte 
sur des faces opposees, par dessus sa couche 



opaque, une paire de couches transparentes for- 
mant guide de lumiere (41, 42) reliees par une 
jonction (43) menant a un detecteur de lumfere 
(45), I'un de ces guides de lumiere (41, 42) etant 
s pourvu d'un dephaseur optique (44). 

10. L'ouverture de ia revendication 9, caracteri- 
see en ce que lesdits guides de lumi&re (41, 42) 
possedent des petites surfaces (39, 40) situSes 
chacune de part et d'autre de la petite surface (38) 

io dudit corps transparent (37). 

11. L'ouverture de la revendication 2, caracte- 
risee en ce que ledit premier corps transparent 
(46, 51) et ledit second corps transparent (48) ou 
lesdits seconds corps transparents (52, 55) sont 

is entour6s par un matSriau optique, notamment un 
metal a bas point de fusion. 

12. L'ouverture de la revendication 2, caracte- 
risee en ce que ledit premier corps transparent 
(46, 51) et/ou ledit second corps transparent (48) 

20 ou lesdits seconds corps transparents (52, 55) 
sont formes de fibres de verre. 
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